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(57) ABSTRACT 

There are provided a gate dielectric ?lm formed on a 

semiconductor substrate; a gate electrode including: a ?rst 
electrode layer formed on the gate dielectric ?lm, a dielectric 
?lm having a thickness of 5 A or more and 100 A or less, 
and formed on the ?rst electrode layer, and a second 
electrode layer formed on the dielectric ?lm; and a source 
and drain regions formed in the semiconductor substrate at 
both sides of the gate electrode. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2003-203945, ?led on Jul. 30, 2003 in Japan, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
device and a method of manufacturing the same. 

[0004] 2. Related Art 

[0005] A conventional method of manufacturing a semi 
conductor device including a MISFET Will be described 
beloW With reference to FIGS. 13 and 14. 

[0006] First, a gate dielectric ?lm 4 of silicon oXide (SiO2) 
is formed on a silicon monocrystal substrate 2 (FIG. 13). 
Subsequently, a polycrystalline silicon layer is formed on the 
gate dielectric ?lm 4. Then, phosphorus or arsenic is doped 
into the polycrystalline silicon layer in a region Where an 
n-channel MOSFET is to be formed, thereby forming an 
n-type polycrystalline silicon layer 9. At this time, regions 
other than the region Where an n-channel MOSFET is 
formed are covered by, e.g., a photoresist pattern (not 
shoWn). 
[0007] After the aforementioned resist pattern is removed, 
another resist pattern (not shoWn) of, e.g., a photoresist, is 
formed, the resist pattern having an opening in a region 
Where a p-channel MOSFET is to be formed. Then, boron is 
doped into the polycrystalline silicon layer in the region 
Where a p-channel MOSFET is to be formed using the resist 
pattern as a mask, thereby forming a p-type polycrystalline 
silicon layer 12. Subsequently, the resist pattern is removed. 

[0008] Thereafter, a resist pattern 14 serving as an etching 
mask is formed on the polycrystalline silicon layers 9 and 
12, the resist pattern 14 having openings at regions other 
than the regions Where gate electrodes are to be formed. A 
photoresist layer formed by using a photolithography tech 
nique is used to form the resist pattern 14. 

[0009] Next, the silicon monocrystal substrate 2 is carried 
into a reactive ion etching (RIE) apparatus so as to perform 
the dry etching of the polycrystalline silicon layers 9 and 12. 
Generally, a halogen type etching gas, such as hydrogen 
bromide (HBr) gas, chlorine (C12) gas, etc., is used to 
perform the dry etching (JP Laid-Open Pub. No. 2003 
37163). When the etching of the polycrystalline silicon 
layers 9 and 12 at the bottom of the openings of the resist 
pattern 14 is started, thin-?lm removing (etching) is per 
formed from the surface of the polycrystalline silicon layers 
9 and 12 in the thickness direction thereof. As a result, the 
surface of the gate dielectric ?lm 4 is eXposed, and the 
remaining portions of the polycrystalline silicon layers 9 and 
12 become gate electrodes 10 and 13, respectively. 

[0010] Ideally, at this time the etching on the entire surface 
of the gate dielectric ?lm 4 is stopped. HoWever, since the 
gate dielectric ?lm 4 is very thin, and a halogen type etching 
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gas cannot secure suf?cient etching selectivity With respect 
to the gate dielectric ?lm 4, it is likely that part of the gate 
dielectric ?lm 4 is overetched to the degree that an opening 
is made therethrough. 

[0011] In order to prevent this, generally, the etching of the 
polycrystalline silicon layers 9 and 12 is monitored using, 
e.g., an interference type layer-thickness monitor, and the 
etching is suspended before reaching the gate dielectric ?lm 
4, e.g., When the thickness of the polycrystalline layers 9 and 
12 becomes 200 A to 300 Then, a second etching is 
performed by using an etching gas having a suf?cient 
etching selectivity With respect to the gate dielectric ?lm 4, 
such as OZ-added HBr gas. The second etching is continued 
until the gate dielectric ?lm 4 is eXposed. During the second 
etching, the light emission intensity of the silicon reaction 
product in the polycrystalline silicon layers 9 and 12 is 
monitored, and the termination of the second etching is 
decided When the light emission intensity is decreased. 

[0012] After the etching is completed, the gate electrodes 
10 and 13, to Which impurities are doped to make them 
either n-type or p-type, are formed. 

[0013] Generally, the etching rate of the n-type polycrys 
talline silicon layer 9 differs from that of the p-type poly 
crystalline silicon layer 12. Accordingly, in most of the 
cases, the gate dielectric ?lm 4 in the region Where the 
n-type polycrystalline silicon layer 9 is formed is eXposed 
earlier than the gate dielectric ?lm 9 in the region Where the 
p-type polycrystalline silicon layer 12 is formed during the 
?rst and second etching steps. As a result, the gate dielectric 
?lm 4 could be overetched, eXposing the silicon monocrystal 
substrate 2 around the gate electrodes 10 formed of the 
n-type polycrystalline silicon, as shoWn in FIG. 15. In 
addition, the gate electrodes 13 formed of the p-type poly 
crystalline silicon may be insuf?ciently etched and have a lip 
portion at the lower end thereof, as shoWn in FIG. 15. Thus, 
the gate length of the n-type gate electrode 10 at the interface 
With the gate dielectric ?lm 4 may differ from that of the 
p-type gate electrode 13. 

[0014] Generally, etching rates may vary at different 
places on a surface of a polycrystalline silicon layer since 
plasma density distribution in a reactive ion etching appa 
ratus may become uneven, or active species may be 
unevenly inserted into a polycrystalline silicon layer that 
becomes a gate electrode. Accordingly, the etching rate at 
the edge portions of the polycrystalline silicon substrate may 
be faster than the etching rate at the central portion thereof, 
resulting in that the gate dielectric ?lm 4 might be 
overetched, eXposing its base layer around the gate elec 
trodes formed at the edge portions, and the gate electrodes 
formed at the central area may have a lip portion. 

[0015] Further, the etching rate may vary depending on the 
density of the formed pattern. The etching rate of a gate 
electrode 20 shoWn in FIG. 16, Which is spatially isolated, 
may be faster than the etching rate of gate electrodes 21, 
Which are densely formed. Thus, the gate dielectric ?lm 4 
may be excessively etched around the gate electrode 20, or 
the shape of gate electrode 20 may be affected negatively. 

SUMMARY OF THE INVENTION 

[0016] A semiconductor device according to the ?rst 
aspect of the present invention includes: a gate dielectric 
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?lm formed on a semiconductor substrate; a gate electrode 
including: a ?rst electrode layer formed on the gate dielec 
tric ?lm; a dielectric ?lm having a thickness of 5 A or more 
and 100 A or less, and formed on the ?rst electrode layer; 
and a second electrode layer formed on the dielectric ?lm; 
and a source and drain regions formed in the semiconductor 
substrate at both sides of the gate electrode. 

[0017] A method of manufacturing a semiconductor 
device according to the second aspect of the present inven 
tion includes: forming a gate dielectric ?lm on a semicon 
ductor substrate; forming a ?rst electrode material layer on 
the gate dielectric ?lm; forming a dielectric ?lm having a 
thickness of 5 A or more and 100 A or less on the ?rst 
electrode material layer; forming a second electrode material 
layer on the dielectric ?lm; forming a pattern on the second 
electrode material layer; etching the second electrode mate 
rial layer using the pattern as a mask, thereby eXposing the 
dielectric ?lm; etching the dielectric ?lm; and etching the 
?rst electrode material layer, thereby forming a gate elec 
trode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a sectional vieW shoWing the structure of 
a semiconductor device according to a ?rst embodiment of 
the present invention. 

[0019] FIG. 2 is a sectional vieW shoWing a step of a 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0020] FIG. 3 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0021] FIG. 4 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0022] FIG. 5 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0023] FIG. 6 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0024] FIG. 7 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0025] FIG. 8 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0026] FIG. 9 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0027] FIG. 10 is a sectional vieW shoWing a step of the 
process of manufacturing the semiconductor device shoWn 
in FIG. 1. 

[0028] FIG. 11 is a sectional vieW shoWing the structure 
of a semiconductor device manufactured according to a ?rst 
modi?cation of the ?rst embodiment. 

[0029] FIG. 12 is a sectional vieW shoWing the structure 
of a semiconductor device manufactured according to a 
second modi?cation of the ?rst embodiment. 
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[0030] FIG. 13 is a sectional vieW shoWing a step of a 
conventional process of manufacturing a semiconductor 
device. 

[0031] FIG. 14 is a sectional vieW shoWing a step of the 
conventional process of manufacturing a semiconductor 
device. 

[0032] FIG. 15 is a sectional vieW for eXplaining a prob 
lem inherent With the conventional manufacturing process. 

[0033] FIG. 16 is a sectional vieW for eXplaining a prob 
lem inherent With the conventional manufacturing process. 

DESCRIPTION OF THE EMBODIMENTS 

[0034] Hereinafter, an embodiment of the present inven 
tion Will be described With reference to the accompanying 
draWings. 

[0035] FIG. 1 shoWs the structure of a semiconductor 
device according to a ?rst embodiment of the present 
invention, Which includes an insulated gate ?eld effect 
transistor (MISFET). 

[0036] A gate electrode 10 is formed on a semiconductor 
substrate 2 With a gate dielectric ?lm 4 located therebetWeen 
in a region Where an n-channel MOSFET is to be formed. 
N-type impurity diffusion regions 16 that are to become a 
source and a drain are formed in the semiconductor substrate 
2 at both sides of the gate electrode 10. The gate electrode 
10 has a three-layer laminated structure including a ?rst 
electrode layer 9a of polycrystalline silicon formed on the 
gate dielectric ?lm 4, a thin dielectric ?lm 8 formed on the 
?rst electrode layer 9a, and a second electrode layer 9b 
formed on the dielectric ?lm 8. Either phosphorus or arsenic 
is doped to the ?rst and second electrode layers 9a and 9b. 

[0037] A gate electrode 13 is formed on the semiconductor 
substrate 2 With the gate dielectric ?lm 4 located therebe 
tWeen in a region Where a p-channel MOSFET is to be 
formed. P-type impurity diffusion regions 18 that are to 
become a source and a drain are formed in the semiconduc 
tor substrate 2 at both sides of the gate electrode 13. The gate 
electrode 13 has a three-layer laminated structure including 
a ?rst electrode layer 12a of polycrystalline silicon formed 
on the gate dielectric ?lm 4, a thin dielectric ?lm 8 formed 
on the ?rst electrode layer 12a, and a second electrode layer 
12b formed on the dielectric ?lm 8. Boron is doped into the 
?rst and second electrode layers 12a and 12b. Gate sideWalls 
22 are formed at the sides of the gate electrodes 10 and 13. 

[0038] It is preferable that the absolute value of the 
thickness of the dielectric ?lm 8 is about 5 A or more, and 
100 A or less, and that the relative value of the thickness of 
the dielectric ?lm 8 is 0.5%-10% of the thickness of the gate 
electrodes 10 and 13. If the dielectric ?lm 8 Were thinner 
than these values, the dielectric ?lm 8 Would not suitably 
serve as an etching stopper When a semiconductor device 
according to this embodiment is manufactured. On the 
contrary, if the dielectric ?lm 8 Were thicker than these 
values, impurities could not be suf?ciently doped into the 
?rst electrode layers 9a and 12a at the time of ion implan 
tation, thereby substantially increasing the thickness of the 
gate dielectric ?lm. Further, it is preferable that the dielectric 
?lm 8 is located Within 500 A from the gate dielectric ?lm 
4, and is located at a height about 1A or less of the thickness 
of the gate electrodes 10 and 13 from the gate dielectric ?lm 
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4. If the dielectric ?lm 8 Were located too high, the loWer 
portion of the ?rst electrode layer 12a Would have a lip 
portion as in the case of the conventional devices. 

[0039] The material of the dielectric ?lm 8 can be silicon 
oxide (SiOZ), silicon nitride (SiN), or silicon oxynitride 
(SiOXNy), or a combined layer formed by laminating at least 
tWo of a silicon oxide layer, a silicon nitride layer, and a 
silicon oxynitride layer. As Will be described in detail later, 
the dielectric ?lm 8 is used as an etching stopper. Accord 
ingly, it is preferable that silicon oxide, Which has a rela 
tively high etching selectivity, is used for the dielectric ?lm 
8. In addition, as Will be described later, the silicon oxide 
layer can be a thermally oxidiZed layer or a natural oxide 
layer. 
[0040] The gate electrodes 10 and 13 can be formed by 
sandWiching the dielectric ?lm 8 With silicon germanium 
instead of polycrystalline silicon. Alternatively, they can 
have a three-layer laminated structure including a polycrys 
talline silicon layer, the dielectric ?lm 8, and a silicon 
germanium layer. 
[0041] Next, a method of manufacturing a semiconductor 
device according to this embodiment Will be described With 
reference to FIGS. 2 to 9. 

[0042] First, a semiconductor substrate 2 of silicon 
monocrystal is prepared. The semiconductor substrate 2 is in 
of a semiconductor Wafer form before being subjected to 
dicing. A gate dielectric ?lm 4 is formed on the entire surface 
of the semiconductor substrate 2 (FIG. 2). For example, a 
silicon oxide layer formed by thermal oxidation can be used 
as the gate dielectric ?lm 4. Alternatively, a single layer such 
as a silicon nitride layer, silicon oxynitride layer, etc., or a 
combined layer including at least tWo of a silicon oxide 
layer, a silicon nitride layer, and a silicon oxynitride layer 
can be used. 

[0043] A?rst gate electrode material layer 6a is formed on 
the gate dielectric ?lm 4. A polycrystalline silicon layer or 
a silicon germanium layer formed by using a CVD (Chemi 
cal Vapor Deposition) technique can be used as the gate 
electrode material layer 6a. Thereafter, a dielectric ?lm 8 of 
silicon oxide, to serve as an etching stopper, is formed on the 
gate electrode material layer 6a by a thermal oxidation 
technique. Although in this case the dielectric ?lm 8 of 
silicon oxide is formed by thermal oxidation, a natural oxide 
layer remaining on the surface of the polycrystalline silicon 
layer or the silicon germanium layer after the formation of 
the ?rst electrode material layer 6a can be used as the 
dielectric ?lm 8. In addition, a single layer such as a silicon 
nitride layer, a silicon oxynitride layer, etc., or a combined 
layer obtained by combining at least tWo of a silicon oxide 
layer, a silicon nitride layer, and a silicon oxynitride layer 
can be used as the dielectric ?lm 8. 

[0044] Then, a second gate electrode material layer 6b is 
formed on the dielectric ?lm 8. For example, a silicon 
polycrystalline layer or silicon germanium layer formed by 
the CVD method can be used as the second gate electrode 
material layer 6b. 

[0045] Subsequently, a resist pattern 7 of a photoresist is 
formed on the gate electrode material layer 6b, the resist 
pattern 7 having an opening in a region Where an n-channel 
MOSFET is to be formed, as shoWn in FIG. 3. Then, 
phosphorus or arsenic is doped into the ?rst and second gate 

Feb. 3, 2005 

electrode material layers 6a and 6b by ion implantation 
using the resist pattern 7 as a mask, thereby forming n-type 
?rst and second gate electrode layers 9a and 9b. Thereafter, 
the resist pattern 7 is removed by the ashing technique using, 
e.g., 02 gas. 

[0046] Then, as shoWn in FIG. 4, a resist pattern 11 of, 
e.g., a photoresisit is formed on the gate electrode material 
layer 6b, the resist pattern 11 having an opening in a region 
Where a p-channel MOSFET is to be formed. Subsequently, 
boron is doped into the ?rst and second gate electrode 
material layers 6a and 6b by ion implantation using the resist 
pattern 11 as a mask, thereby forming p-type ?rst and second 
gate electrode material layers 12a and 12b. Thereafter, the 
resist pattern 11 is removed by the ashing technique using 
e.g., 02 gas. 

[0047] Thereafter, a resist pattern 14 of, e.g., a photoresist, 
is formed on the n-type second gate electrode material layer 
9b and the p-type second gate electrode material layer 12b, 
as shoWn in FIG. 5. 

[0048] Then, the semiconductor substrate 2 on Which the 
resist pattern 14 is formed is carried into the reactive ion 
etching apparatus Where the ?rst etching step is executed, 
i.e., the ?rst reactive ion etching is performed on the second 
gate electrode material layers 9b and 12b. As shoWn in FIG. 
6, during the ?rst etching step, the resist pattern 14 is used 
as a mask and reactive ion etching is performed by using, 
e.g., a mixed gas containing HBr gas and Cl2 gas. At this 
time, the thickness of the gate electrode material layers is 
monitored in real time by an interference type end point 
detector in order to stop etching before reaching the dielec 
tric ?lm 8 serving as an etching stopper. It is possible to stop 
etching before reaching the dielectric ?lm 8 Without using 
the interference type end point detector during the ?rst 
etching step by, e.g., measuring the etching time, and by 
stopping etching after a certain period of time has passed, 
Which is determined by the etching rate of the gate electrode 
material measured in advance. 

[0049] Although a mixed gas containing HBr gas and Cl2 
gas is used during the ?rst etching step, a mixed gas 
containing HBr gas, N2 gas, and CF4 gas, a mixed gas 
containing HBr gas, N2 gas, and NF3 gas, a mixed gas 
containing HBr gas, N2 gas, and CHF3 gas, or HBr gas alone 
can also be used. 

[0050] There is a case Where a natural oxide layer is 
formed on the surface of the second gate electrode material 
layers 9b and 12b after the resist pattern 14 is formed and 
before the Workpiece is carried into the reaction chamber. In 
such a case, it is necessary to remove the natural oxide layer 
before starting etching the second gate electrode material 
layers 9b and 12b. The removal of the natural oxide layer 
can be performed by using any one of CF4 gas, SF6 gas, NF3 
gas, and CHF3 gas. 

[0051] After the ?rst etching step is completed, the second 
etching step is performed using the resist pattern 14 as a 
mask. During the second etching step, the remaining por 
tions of the gate electrode layers 9b and 12b are etched so 
as to completely expose the dielectric ?lm 8 (FIG. 7). The 
etching gas used in this case must have a suf?cient etching 
selectivity With respect to the dielectric ?lm 8, such as a 
mixed gas containing HBr gas, Cl2 gas, and 02 gas. The 02 
gas is used to improve the etching selectivity With respect to 



US 2005/0023592 Al 

the dielectric ?lm 8. Although a mixed gas containing HBr 
gas, Cl2 gas, and 02 gas is used in this embodiment, only 
HBr gas, or a miXed gas containing HBr gas and 02 gas can 
be used instead. The end point of the second etching step can 
be detected in real time by monitoring the light emission 
intensity of the silicon reaction product of the gate electrode 
material layers 9b and 12b. 

[0052] Although the second gate electrode material layers 
9b and 12b are etched to expose the dielectric ?lm 8 during 
the ?rst and second etching steps in this embodiment, the 
etching of the second gate electrode material layers 9b and 
12b can be performed during a single etching step. In such 
a case, only HBr gas, or a miXed gas containing HBr gas and 
02 gas, can be used as the etching gas. 

[0053] Then, the third etching step is carried out to remove 
the dielectric ?lm 8 by using any one of a ?uorine containing 
gas, such as CF4 gas, SF6 gas, NF3 gas, CHF3 gas, etc (FIG. 
8). Since the dielectric ?lm is very thin, the third etching step 
is carried out for a very short time, e.g., a feW seconds. 

[0054] Then, the fourth etching step is carried out to etch 
the ?rst gate electrode material layers 9a and 12a in order to 
eXpose the gate dielectric ?lm 4 (FIG. 9). An etching gas 
having a sufficient etching selectivity With respect to the gate 
dielectric ?lm 4, such as a miXed gas containing HBr gas, 
Cl2 gas, and 02 gas is used in this case. The 02 gas is used 
to improve the etching selectivity With respect to the gate 
dielectric ?lm 4. Although a miXed gas containing HBr gas, 
Cl2 gas, and O2 gas is used in this embodiment, a mixed gas 
containing HBr gas and 02 gas, or HBr gas alone can be used 
instead. When only HBr gas is used as the etching gas, it is 
preferable that the pressure of the etching gas be increased 
in order to obtain a suf?cient etching selectivity With respect 
to the gate dielectric ?lm 4. 

[0055] The end point of the fourth etching step can be 
detected in real time by monitoring the light emission 
intensity of the silicon reactive product generated from the 
gate electrode material layers 9a and 12a. 

[0056] After the gate dielectric ?lm 4 is eXposed, the ?fth 
etching step is carried out to remove the residue of the ?rst 
gate electrode material layers 9a and 12a by using a miXed 
gas containing HBr gas, 02 gas, and N2 gas. As a result, a 
gate electrode 10 including the gate electrode material layers 
9a and 9b, to Which an n-type impurity has been doped, and 
the dielectric ?lm 8 sandWiched therebetWeen is formed in 
a region Where an n-channel MOSFET is to be formed, as 
shoWn in FIG. 9. Further, a gate electrode 13 including the 
gate electrode material layers 12a and 12b, to Which a p-type 
impurity has been doped, and the dielectric ?lm 8 sand 
Wiched therebetWeen is formed in a region Where a p-chan 
nel MOSFET is to be formed. Although a miXed gas 
containing HBr gas, 02 gas, and N2 gas is used in the ?fth 
etching step, a miXed gas containing HBr gas and 02 gas, or 
a miXed gas containing HBr gas, 02 gas, and C12 gas can be 
used instead. After the ?fth etching step is completed, the 
resist pattern 14 is removed. During the fourth and ?fth 
etching steps, the shape of the gate electrodes 10 and 13 is 
trimmed. 

[0057] Thereafter, as shoWn in FIG. 10, Wet etching is 
performed to leave the gate dielectric ?lm 4 only at the 
portions immediately beloW the gate electrodes 10 and 13. 
Then, a resist pattern (not shoWn) is formed, the resist 
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pattern having an opening in a region Where an n-type 
MOSFET is to be formed. Impurity diffusion regions 16 that 
are to become a source and a drain are formed in the 
semiconductor substrate 2 at both sides of the gate electrode 
10 through the ion implantation of an n-type impurity, e.g., 
phosphorous or arsenic using the resist pattern as a mask. 
Then, another resist pattern (not shoWn) is formed, the resist 
pattern having an opening in a region Where a p-type 
MOSFET is to be formed. Impurity diffusion regions 18 that 
are to become a source and a drain are formed in the 
semiconductor substrate 2 at both sides of the gate electrode 
13 through the ion implantation of a p-type impurity, e.g., 
boron, using the resist pattern as a mask. Although the 
impurity diffusion regions 16 and 18 are formed after 
etching the gate dielectric ?lm 4 in this embodiment, the 
gate electric ?lm 4 can be etched after formation of the 
impurity diffusion regions 16 and 18. Furthermore, When 
forming the impurity diffusion layers 16 and 18, the forma 
tion of the impurity diffusion layer 18 can be performed ?rst. 

[0058] After the gate dielectric ?lm 4 is etched and the 
impurity diffusion regions 16 and 18 are formed, a dielectric 
?lm formed of a SiO2 layer, a SiN layer, or a laminated layer 
including these layers, is formed so as to cover the gate 
electrodes 10 and 13. Then, the etch back of the dielectric 
?lm is performed so that the dielectric ?lm is left only at the 
side portions of the gate electrodes 10 and 13, as shoWn in 
FIG. 1, thereby forming the gate side Walls 22. 

[0059] As described above, according to this embodiment, 
it is possible to suspend the etching process at the dielectric 
?lm 8 since a gas having a sufficient etching selectivity With 
respect to the dielectric ?lm 8 is used during the second 
etching step. Because of this, the difference in etching 
amount caused by Whether an n-type impurity is doped or a 
p-type impurity is doped is adjusted, thereby substantially 
evening the etching amount or the remainder amount of the 
?rst gate electrode material layers 9a and 12a. Thus, the gate 
dielectric ?lm is prevented from being overetched locally, 
the shape of the gate electrode is prevented from being 
degraded, and the gate length is prevented from ?uctuating. 

[0060] In the aforementioned embodiment, the difference 
in etching amount caused by Whether an n-type impurity is 
doped or a p-type impurity is doped is adjusted. HoWever, 
the difference in etching amount caused by Whether the gate 
electrode is located at the edge portion or the central portion, 
i.e., caused by the location of gate electrodes in the semi 
conductor substrate, can be adjusted by using the aforemen 
tioned process of manufacture, as shoWn in FIG. 11. Thus, 
it is possible to make the etching amount or the remainder 
amount of the gate electrode material layer 9a substantially 
even at the time When the gate dielectric ?lm 4 is eXposed. 
Therefore, the gate dielectric ?lm is prevented from being 
overetched locally, the shape of the gate electrode is pre 
vented from being degraded, and the gate length is prevented 
from ?uctuating. 

[0061] Furthermore, the difference in etching amount 
caused by Whether the gate electrode pattern is dense or not 
can be adjusted by using the aforementioned process of 
manufacture, as shoWn in FIG. 12. Thus, it is possible to 
make substantially even the etching amount or the remainder 
amount of the gate electrode material layer 9a at the time 
When the gate dielectric ?lm 4 is eXposed. Therefore, the 
gate dielectric ?lm is prevented from being overetched 
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locally, the shape of the gate electrode is prevented from 
being degraded, and the gate length is prevented from 
?uctuating. 
[0062] As described above, according to the embodiment 
of the present invention, the gate dielectric ?lm is prevented 
from being overetched locally, the shape of the gate elec 
trode is prevented from being degraded, and the gate length 
is prevented from ?uctuating. 

[0063] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concepts as de?ned by the appended 
claims and their equivalents. 

What is claimed is: 
1. A semiconductor device comprising: 

a gate dielectric ?lm formed on a semiconductor sub 

strate; 

a gate electrode including: 

a ?rst electrode layer formed on the gate dielectric ?lm; 

a dielectric ?lm having a thickness of 5 A or more and 
100 A or less, and formed on the ?rst electrode layer; 
and 

a second electrode layer formed on the dielectric ?lm; 
and 

a source and drain regions formed in the semiconductor 
substrate at both sides of the gate electrode. 

2. The semiconductor device according to claim 1, 
Wherein the ?rst and second electrode layers are formed of 
polycrystalline silicon or silicon germanium, to Which an 
impurity is doped. 

3. The semiconductor device according to claim 1, 
Wherein the dielectric ?lm is formed of a thermally oXidiZed 
layer or a natural oXide layer. 

4. The semiconductor device according to claim 2, 
Wherein the dielectric ?lm is selected from the group con 
sisting of a silicon oXide layer, a silicon nitride layer, a 
silicon oXynitride layer, and a combined layer formed by 
laminating at least tWo of a silicon oXide layer, a silicon 
nitride layer, and a silicon oXynitride layer. 

5. The semiconductor device according to claim 1, 
Wherein a thickness of the dielectric ?lm is in a range of 
0.5% to 10% of a thickness of the gate electrode. 

6. The semiconductor device according to claim 1, 
Wherein the dielectric ?lm is located Within 500 A from the 
gate dielectric ?lm. 

7. The semiconductor device according to claim 1, 
Wherein the dielectric ?lm is located at a height about 1A or 
less of a thickness of the gate electrode from the gate 
dielectric ?lm. 

8. A method of manufacturing a semiconductor device 
comprising: 

forming a gate dielectric ?lm on a semiconductor sub 

strate; 

forming a ?rst electrode material layer on the gate dielec 
tric ?lm; 
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forming a dielectric ?lm having a thickness of 5 A or 
more and 100 A or less on the ?rst electrode material 
layer; 

forming a second electrode material layer on the dielectric 
?lm; 

forming a pattern on the second electrode material layer; 

etching the second electrode material layer using the 
pattern as a mask, thereby eXposing the dielectric ?lm; 

etching the dielectric ?lm; and 

etching the ?rst electrode material layer, thereby forming 
a gate electrode. 

9. The method of manufacturing a semiconductor device 
according to claim 8, Wherein the second electrode material 
layer is formed of polycrystalline silicon or silicon germa 
nium, to Which an impurity is doped. 

10. The method of manufacturing a semiconductor device 
according to claim 8, Wherein the etching of the second 
electrode material layer to eXpose the dielectric ?lm is 
performed by using HBr gas or a miXed gas containing HBr 
gas and 02 gas as an etching gas. 

11. The method of manufacturing a semiconductor device 
according to claim 8, Wherein the etching of the second 
electrode material layer includes: 

etching the second electrode material layer using a ?rst 
etching gas, and stopping etching before the dielectric 
?lm is eXposed; and 

etching the second electrode material layer using a second 
etching gas until the dielectric ?lm is eXposed. 

12. The method of manufacturing a semiconductor device 
according to claim 11, Wherein the ?rst etching gas is one 
selected from the group consisting of HBr gas, a miXed gas 
containing HBr gas and Cl2 gas, a miXed gas containing HBr 
gas, N2 gas, and CF4 gas, a miXed gas containing HBr gas, 
N2 gas, and NF3 gas, and a miXed gas containing HBr gas, 
N2 gas, and CHF3 gas. 

13. The method of manufacturing a semiconductor device 
according to claim 11, Wherein the second etching gas is one 
selected from the group consisting of HBr gas, a miXed gas 
containing HBr gas and 02 gas, and a miXed gas containing 
HBr gas, Cl2 gas, and 02 gas. 

14. The method of manufacturing a semiconductor device 
according to claim 8, Wherein the dielectric ?lm is selected 
from the group consisting of a silicon oXide layer, a silicon 
nitride layer, a silicon oXynitride layer, and a combined layer 
formed by laminating at least tWo of a silicon oXide layer, a 
silicon nitride layer, and a silicon oXynitride layer. 

15. The method of manufacturing a semiconductor device 
according to claim 14, Wherein a third etching gas used to 
etch the dielectric ?lm is one selected from the group 
consisting of CF4 gas, SF6 gas, NF3 gas, and CHF3 gas. 

16. The method of manufacturing a semiconductor device 
according to claim 8, Wherein the ?rst electrode material 
layer is formed of polycrystalline silicon or silicon germa 
nium, to Which an impurity is doped. 

17. The method of manufacturing a semiconductor device 
according to claim 8, Wherein the etching of the ?rst 
electrode material layer includes: 

etching the ?rst electrode material layer using a fourth 
etching gas until the gate dielectric ?lm is exposed; and 
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removing a residue of the ?rst electrode material layer 
using a ?fth etching gas. 

18. The method of manufacturing a semiconductor device 
according to claim 17, Wherein the fourth etching gas is one 
selected from the group consisting of HBr gas, a miXed gas 
containing HBr gas and 02 gas, and a miXed gas containing 
HBr gas, Cl2 gas, and 02 gas. 

19. The method of manufacturing a semiconductor device 
according to claim 17, Wherein the ?fth etching gas is one 
selected from the group consisting of a miXed gas containing 
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HBr gas and 02 gas, a miXed gas containing HBr gas, 02 gas, 
and N2 gas, and a miXed gas containing HBr gas, Cl2 gas, 
and 02 gas. 

20. The method of manufacturing a semiconductor device 
according to claim 8, further comprising removing a natural 
oXide layer formed on a surface of the second electrode 
material layer before the etching of the second electrode 
material layer. 


